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. WORK DONE_DURING THE MONTH OF NOVEMBER, 1957

REPORTING PERIOD 4 NOVEMBER YO 6 DECENMBER 1957

SY. 10N PROGRAM

During November proper ignition at £ 120°F and - 20° was
achieved. Rounds were also tested having four, tive and six folding fins.
The rounds having four and five fins wobbled towards the end of the flight
path, while the rounds having six fins at} hit the target and had very
good stabitity. Unfortunately, of the group of rounds tired onty three
hed six fins. A test is planned for early in December to check terget
accuracy with rounds having six and eight fins. 1t is expected that this
+est will show the accuracy of this round. E. M, No. 2 has been evaluated,
and some parts have been detailed, and manufacture is expected to begin
early in December,

Intensive investigation has been carried out in the past month
to determine why such poor penetration was achieved with the ten HEAT
heads statically fired in October. An evaluation of the Xrays plus one
static test with a perfecTiy poured HEAT head has shown that the reason is
not imperfectly poured charges. It is strongly feit that an increase in
penetration can be achieved by an increase in the wall thickness of the

copper liner., This conclusion is based upon conferences with various

- - READ ESP
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authorities in the shaped charge field. Acting on this conclusion, a
quantity of fifty liners having an increased wall has been placed in manu-
facture. |t is expected thet these liners will be received egrly in De-
cember and that a test will be held with them in the same month. A fur-
ther result of the investigation has shown that it may be entirely possible
to achieve the penetration required through the use of a single angle
liner. 1t a single engle liner is used, the only disadvantage would be
that a grester stand-off would be required. This in itself would not be a
great disadvantage to the over-ail round in that the maximum increase in
length expected would be of the order of magnitude of 1" to 2'. In view
of the time schedule on the project, it is felt that If the next attempt
with the increased wall liners to achieve penetration is not sucgessful,
then the design would be changed immediatety to 2 single angle liner.

This change will permit the design to be frozen and the program schedule
met,

Extensive redesign of the launcher was done in November, It is
expected that detailed drawings wit! be made and manufacture started in
December., -

in November fuzes vere tired having rotors. These tests indica-
+ted some problems existed when the rotors were introduced into the fuze
mechanism. An investigatlion Is currently being carried out to elimnate

these problems, and it is fully expected that they will be eliminated by

t+he end of December, or at the latest, the middle of January.

SRCRIET
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MOTOR DEVELOFMENT PROGRAM

buring November the plastic igniter discussed in last month's
progress report was received and tested. Rounds were fired at both - 20°F
and # IZOOF using this igniter. The table of flight tests' results is

shown below:

ROUND NO. 1 T ) '
36 | 37| 38( 30 | 40 a1t 42 143 |44 {45 | 46 | 47 | 48

Ecoctvy [ :

(FT/SEC) 286) 321 |308 (276 1308 | -- (250 |308 j258 320 320 |160 | 380

OP. WEIGHT |

2132).132) 1352 132,132 132 132 1,132 JA320,1321.1321.132 1 .132

372 FROP.
WE 1GHT .06 |.06 |.06 .06 {.06 .06 .06 .06 .06 l.06 |.06 |.06 | .06
ROJECTILE Y |
WE |GHT 3.283.21]3.180 3.20 13,211 3.11] 3.64 [3.7213,75 |3.67 |3.47|3.61 | 3.17
WE 1GHT ! ;
(4 4 5) 3,3413.27]3.24] 3,36 13,270 3.17; 3.70 [3.78 |3.81 |3.733.53|3.67 | 3.23
[tMP, (6.X 2) k ‘ ‘
g 29.7!32:6]31.0128.8:31:2] -~ 28,7 36.2]30.5{37 |35.1}18.25 | 38.1
SPEC. TMP. 1 ; = ' :
3 | 225 247| 234 218) 236} -- 217 | 274] 251, 260| 266 -- | 268
EVB. OF NS = e 1 - ==
-20° 1-20° | -20°1 -200 |-200! 200! 2128 Y128le 1284128 1261 120 --

REMARKS : Round No. 4l

Motor failed in launcher (plastic launcher)

Round No. 47 Plasti¢ launcher used - launcher shattered

|' from exhaust end

« 3 -
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On all rounds there was no ignition delay, and recovered charges
indicated that compiete ignition had been achieved. It is therefore con-
cluded that the probiem of improper ignition has been overcome. In order
to tacilitate assembly, a few minor changes will be made in the igniter
design. When these changes plus the chenges that will be made fo accommo-
date the percussion igniter (as discussed under the launcher program) have
been made, the igniter design will] be frozen and a large quantity ordered
for test of the final design (approximately 200).

A layout drawing has been made of E. M. No. 2. This drawing
can be found in the appendix, Drawing No. D-8162, The material for the
motor bodies of E. M, No. 2 has been ordered, and it is expected it shall
be received about the middie of December, at which time the motor body witl
be placed in manufacture, HEAT heads for E. M. No. 2 will be placed in
manufacture about the middle of December. It is hoped that the first
flight testing with E. M. No. 2 will take place in January. Following is
a listing of the major design improvements incorporated in E. M. No. 2:

. Folding fins.

‘2. Nozzle inserts of aluminum,

3, Plates and pins of aluminum,

4, Elimination of adapter and union.

5. The use of the motor barrier and threaded steel ring and
internal threads on motor body to make the joint between the motor and
head,

6. Reduction of the head body wall from ,028 Yo .020,

- RIEA A o>
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The rounds that were used to check ignition were also used to
obtain some basic data on the efficacy of the folding fins. The rounds
were made up having either tour, five or six folding fins. The rounds
were fired at a target located at a range of 100 yards. The rounds having
four and five fins achieved improved stability over most of their flight
path., However, towards the end of their flight path they wobbled, i.e.,
they yawed visibly. ‘As a result they were drawn otf their flight path
and missed the target. Only three rounds had six fins, Each of these
roundsAflew straight without yaw and hit the target. It may be concluded
from the evidence of this test that the minimum number of folding fins that
is required issix. The next test that will be conducted will employ rounds
having six and eight fins, - It is expected that this test will show the ac-
curacy of this round in a positive manner, i.e., in mils.

Round No. 48 of the flight tests of this month employed plates
and pins of alumindm. Examination of the spent motor indicated that the
propeliant had burned propei'ly and adhered properly fto the aluminum pins.
All future rounds will use aluminum plates and pins.

Examination of the steel nozzle inserts that have been fired two
and three times has shown little or no erosian, On this basis it appears
that It may be possible to make the nozzle inserts out of aluminum that
would not be greatly influenced by erosion. The next group of rounds
witl employ the nozzle inserts made from atuminum, {f the aluminum in-
serts prove fto be practical, the design of the motor nozzle may then be
changed to el iminate the nozzie insert completely and fto form the nozzle

contour entirely with the tubing used for the motor body.

-~ -5 =~ .
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WARHEAD DEVELOPMENT PROGRAM

A proper evaluation of the Xrays taken of the ten HEAT heads
sfafically fired during October was found to be impossible because of a
difference in interpretation between various observers., in order to
eliminate any differences in interpretation, it was decided to have one
of the charges steamed ocut and repoured with extreme care and thus obtain
a cherge that all parties would accept as perfect, This was done, and
the Xray taken of this head indicated the compfete absence of flaws any-
where in the head. This head was then fired statically for penetration,
The penetration achieved was 7', This evidence proves rather conclusively
that the penetration achieved on the previous test was not due to imperfec-
tions in the charge.

Currently with the investigation of the charge, investigation
was being carried out to determine if the penetration of the HEAT head
could be improved by other means. This evaluation revealed fthat other
projects having the same problem had materially increased penetration by
increasing the wall thickness of the copper liner. Accordingly, after
consul tations with various authorities, it appears probable that an in-
crease in wall thickness of the linrer can produce an increase in the
penetration without an increase in the 0. D. of the head, To check out
this hypothesis, a quantity of fifty liners having ab increased wall

thickness have been ordered and are expected to be complete about the

CEADET
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middle ot December. Twenty~five of these liners will be assembied in
the head body of E. M. No. | and checked statically for penetration.

ihe remaining twenty-five liners will be incorporated into the head body
of E. M. No. 2, and regardless of the penetration achieved with E. M.
No. |, these heads, i,e., E. M, No. 2, will also be fired statically for
penetration in order to mske a comparison between the penetration achieved
with E. M. No, | and that of E. M. No. 2. In this way the changes made
in E. M. No. 2 can be evaluated within a minimum time. |t is expected
that regardless of which liner design is finally adopted the differences
between E, M, No, 2 and E. M, No. | would heve to be known before E. M.
No. 2 could be finally adopted.

The penetration tests that have been conducted to date have
shown a very high percentage of double jets. This phenomenon is a prob-
lem that is characteristic of a double angle tiner. The effect of a double
Jjet is to greatly reduce penetration. I[f the double jet can be eliminated
from the present design; the desired penetration can be achieved. Basically,
there are two causes of double jetting., No. | is the misaligament of the
two cone angles, No. 2 is the misalignment of the cone in the head body
as a result of improper assembly. The manufacturer of the liners used
has indicated that there was no misglignmenf between cone angles. It is
now known definitely whether or not these cones were misaligned upon as-
seibly inspite of the fact that after assembly the run-out between the
apex of the cone and the |. D, of the head body was approximately .005"

T. |. R. When future HEAT heads are assembled, much closer control of

CEERET
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assembly will be exercised as well as a 100 per cent inspection of the
completed assembly before loading.

in this way double jets may be eliminated. If they are eliminated,
it is expected that the penetration achieved will be improved over and above
the Improvement achieved by increasing the wall thickness.

In view of the problems outlined above, inherent to the use of
a double angle liner, a further investigation was made of the possible use
of a single angle liner., This investigation revealed that a HEAT head
having a single angle liner and being of a slightly smaller O. D. than
E. M, No, | was capable of achieving Il 1/2" of penetration in milds
steel. The advantage of this type of cone is its repeatability and sim-
plicity. 1f tests held in the immediate future with the double angle liners
failed t0 produce the desired penetration and repeatability, a single angle
liner can then be chosen that wlll most probably give the desired penetra-
tion, l.e., 10" maximum in armour. The reason that a liner of this type
was not investigated originally Is thet it was hoped that with a double
angle liner the average penetration would have been 10" in armour with a pos-
sibie maximum between 10 1/2" and Il /2", |In this way the minimum pene-
tration would then have been of the order of 9" in armour. However, in
order that the 10" maximum requirement be met within the time schedule
allowed, the investigation of the doubie angle liner may be halted and a
single angle liner chosen. Penetration tests that will be held ecarly in

January will indlcate which choice will be made.

-8 -
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LAUNCHER DEVELOPMENT PRCGRAM

As a result of the exploitation of ideas obtalned from the
evaluation of the preliminary launcher, a launcher layout is currently
in process. The ignition portion of the round-iauncher combination has
been designed as shown in appendix. (See Photograph No. 29) The trigger
assembly has also been designe& and may be found in the appendix. (See
Photographs No. 30 and 31) The method of holding the round stationary in
the launcher consists of (1) holding the round from forward motion by the
igniter assembly and (2) holding the round from backward motion by the
interterence between the head and the inner sleeve, The inner sleeve is
discussed under the fuze program because Iits prime function is to provide
safety for the fuze. This tube is placed over the motor section of the
round previous to inserting the round in the launcher. Then the round
and inner sleeve assembly are placed in the launcher and the inner sieeve
firmly affixed to the launcher tube by means of a metal flange at the ex-
haust end of the launcher tube, A drawing of the inner sleeve, round and
launcher assembly will be enclosed in next month's report. A layout is
currently being made that will include not only the above-mentioned assem-
blies but will also include the rear sight as modified and the front sight
as modified. Upon the campletion of this layout, which Is expected in

December, details will be made and parts placed in manufacture. It is

expected that parts will be available in January to assemble a complete

SECRET
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tauncher for evaluation purposes. |t is expected that this |auncher
will be very close to being the final design. Effort is now being con-
centrated on the redesign of the back and front sights. These elements
ought to be completed early in December which will complete the redesign
of the entire launcher assembiy. As previously mentioned, it is hoped
that following the completion of the launcher |ayout details will be

made and parts placed in manufacture and a complete launcher assembly

available some time in January,

OPERATION OF THE FIRING SYSTEM

(See Photographs No, 29, 30 and 31 in Appendix)

As redesigned, the igniter is contained within the plastic
housing already designed and tested on the round. The firing pin and
tiring pin spring are located in the extreme rear position of the igniter
housing. The firing pin spring is compressed upon assembly. The firing
pin is restrained by a slotted plunger whose motion is perpendicular to
the motion of the firing pin, This plunger is spring loaded in such a
manner that when the plunger is released it removes the restraint from
the firing pin, thus allowing the firing pin Yo be driven forward into a
detonator, which in turn ignites the black powder charge of the igniter and
fires the rocket, The plunger is released by means of the trigger. The

plunger rests in a groove of a cylinder which is attached to a 1/8" steel

SEGRET
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rod running inside of a 3/8" tube up to the trigger assembly. At the
forward end of this rod is a second cylinder. The end of the trigger lies
agalinst the back ot this cylinder, and as the trigger is pulled backwards,
the cylinder is pushed forward, thus moving the plunger restraining cylin-
der forward and releasing the firing pin restraining plunger to fire the

round. The forward cyl inder compresses a spring in moving, |f the trig-
ger is released after partial movement, the plunger restraining cylinder re-
turns to the safe position,

- when the trigger assembly handle is in the storage position, the
trigger and guard ere completely enclosed and protected. Also in this
position a yolk on the handle engages a cylinder on the 1/8" rod which
connects the torward and rear cylinders. The yolk is a positive lock pre-
venting forward motion of the rod. The trigger handle is held in place by
a strong spring ctamp to prevent opening in transportation and rough hand-
fing conditions,

In preparing the round for firing, the handle must be grasped
firmly and a strong pull has o be exerted In ofder to overcome the spring
clamp holding it. As the handle is turned open into the firing position,
another spring clamp engages on to the 3/8" carrier tube to firmly lock
fhe handle in position. As the handie swings away, the trigger and trig-
ger guard come into view and access. The trigger guard is a stationary
piece to protect the trigger from accidental firing after the handle has

been opened and placed in the firing position,

it is believed that this firing arrangement will be gimple,

- REAK S
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efticient, cheap, and-above all, safe, Parts are currently being detailed,
and manufacture will begin shortiy.

During November a round conditioned at # 120°F was fired in a
3-foot kraft paper wound tauncher tube. The tube shattered for about hatt
its fength., The tube manufacturer has indicated that a muéh stronger tube
using kraft paper base can be made. in order to facilitate procurement
and el iminate the time-consuming cut and try approach, the manuf acturer
desired to be supplied with a burst pressure figure upon which the stronger
launcher design could be based. |1 was therefore decided to carry out 2
firing program using an aluminum launcher, successively reducing the wall
until the tube tailed. From the data thus gained the manufacturer would be
supplied with a burst pressure and wall thickness in atumipum, This in-
formation would suffice as a norm for the launcher design. 1t is expected

that these tests will be carried out in December and new tubes manufac-

tured and tested during January.

§E@RFT
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FUZE_DEVELOPMENT PROGRAM

INTRODUCT 10N

The activity during November consisted of an evaluation of pre-
vious tests, tests of complete fuze vehicles with rotors and finalizing
of the safety pin design,

Five fuze vehicles were iried out and tested dynamically, and

the results have shown up certain problemé.

STATIC_TESTING_AND EVALUATION

A number of static tests were conducted to ascertain that the
rotor would turn and arm when the triggering components set back, The
tests were conducted by assembling fuzes without detonators and dropping
them In a partly assembled Evaluation Model No. { assembly from a height
of approximately 3 feet. |t was found that this drop was consistently
sufficient to set back the triggering components. The resuits of these
tests were as follows:

1. The length of the firing pin point had 1o be reduced by a
nominal amount of 5/1000ths of an Inch in order to clear the 0, D. of the

rotor after set back under all tolerance conditions.

[SE@PY
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2. |t was observed that the firing pin was inside the unarmed
rotor in about 60 per cent of the test rounds. The conclusion was reached
that this type of test does not sufficiently simulate dynamic firing condi-
tions to be of any conclusive value., However, the possibility had to be

faced that the complete fuze assembly was not working as well as the test

vehicle No. 3 used almost exclusively to date.

DYNAMIC TESTS

Five complete fuzés without safety pins were fired on 26 November
1957, The fuzes were placed in rounds used for accuracy tests, and no
functioning time is therefore available. The rounds in question are Nos.
42, 43, 44, 45 and 46, The results were as follows:

Round Nos. 42, 43 and 46 functioned when the round grazed the
earth. Round Nos. 44 and 45 were duds. Round No. 44 was recovered, and it
was found that the firing pin had released, and the point of the firing
pin was still in the small hole which is used to hold the rotor in the un-
armed position. Round No. 45 showed the rotor held up by the firing pin
after having started to turn, i.e., the firing pin was stuck in the rotor
immediately adjacent to the hole used for holding the rotor in the satfe

position.
CONCLUS ION

The results of the test are still in the process of being

REFDESS
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evaluated. There are two possible reasons for the two malfunctions which

werg encéunfered:
I. That the triggering components set back but that the trigger-
ing sleeve bounced off immediately after latching occurs.

‘ 2. That separation between the triggering sieeve and the inertia
element occurs during the backward motion of the triggering components,
There are different possibilities of overcoming these conditions:

A. Place some cushioning material at the base of the fuze
to reduce the possibility of bouncing.

B. To increase the amount which the triggering components
have to set back by letting the firing pin enter more deeply into the
rotor when the fuze is in the unarmed position. This would have the ef-
fect that a greater amount of separation occurs between the triggering
sleeve and the inertia element, The chamfer at the open end of the trig-
gering sleeve can then be greatly reduced ci- eliminated. This would permit
a greater latitude in motion of the triggering sleeve before the firing
pin is actually released.

C. By decreasing the weight of the inertia element and in-
creasing the weight of the triggering sleeve, the balance of forces in the
two components during set back will be changed. When set back occurs, both
components travel backward at the same velocity. Hawever, the force with
which each component travels backward depends on its mass., With the
present design the mass of the triggering sleeve is very much smaller than
the mass of the inertia element., By reversing this situation or by making
the difference smaller, more reliable functioning may be obtained.

REEBET
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D. By reducing the over-all diameter of the triggering
sleeve, any contact between the sleeve and the bore of the fuze housing
will be eliminated. This will do away with the possibility that the
sleeve is triggering against one side of the bore and thereby separated
from the inertia element.

E. A method of mechanically tying the *rfggering sleeve
Yo the inertia element is being designed. This would work in such a manner
as to make separation between the two comp;nen?s impossible until the
latching position has been reached. This method of approach wouid com-
pletely eliminate the possibility of separation during set back. However,

if these malfunctions are caused by bouncing, this method wouldbe of little

value,

SAFETY PIN

Three methods of making the fuze drop sate have been designed.
Drawing No. D-8141 in the appendix shows the design No. |. This design
consists of a pin which is introduced at the base of the inertia element
and which makes it impossible for the element to set back until the pin
is removed, Removal of the pin takes place by pushing it inward. This
motion was to be obtained by a flat spring and pin contained in the mechanism
of the launcher. Changes in launcher design, problems of orientation and
location and difficulty in manufacturing the components led to this design

being abandoned.

[NEEIN =N
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Orawing No. D-BI158 shows a layout of the second design of safety
pin, The main body of the fuze is clamped between the booster and the
motor barrier. {t is located centrally in the round by means of a sleeve,
This sleeve has two dogs which when in the forward position prevents the
inertia element from setting back. The sleeve is connected to & ring
located around the outside of the head body by means of three pins., As can
be seen in the enclosed drawing, this ring has a tapered face. A safety
pin which is held down by the swivel sight prevents this ring from moving
backward. Since the ring and the safety sleeve are interconnected by the
pins, no motion is possible until the swivel sight is erected and the spring
(see drawing) ejects the safety pin. The safety pin can be in any orienta-
+ion to the round in this design.

Design No. 2 has el iminated the disadvantages of design No. |.
Howsver, the following problems would be encountered with this design:

i. There would be tolerance problems in the location of the
safety pin,

2. The problem of obtaining rigid connection between the safety
sleeve and the outer ring may prove to be difficult to solve.

3. If this design is to be used, the fuze will not be completely
assembled until the outer ring and pins are assembled,

4, As soon as the swivel sight is erected, the round would be
in the unsafe position. |t would then take only a 2-foot drop to set back
the triggering components, turn the rotor and have the round ready to go
off upon a very sligh+ Jarring. This method was the one presented at the

3 REAHESD
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meeting early in November. For the reasons above it has been dropped,

Design No. 3 became feasible with the new concept of the folding
tins, and it is shown in Drawing No. D-8155. The safety sleeve from
Model No. 2 is retained. However, the round is held in the safe position
by means of a pin which enters a groove in the fuze body and is located
in the safety sleeve in such a way as to prevent sufficient relative motion
between the two parts to let the fuze set back while the pin is in the
groove as shown on the layout, A compression spring is used to withdraw
the safety pin. A sleeve placed inside the launcher and extending approxi-
mately 3/8 of an inch in front of the safety pin and all the way back o
The end of the launcher holds the safety pin in position. Forward motion
of the round in the tauncher will permit the pin to be withdrawn by the
compression spring as soon as the end of the inner sleeve has been reached.
The folding fins will be folded in such a way that they are contained in
the inner sleeve, and they will simply open up further as they go over the
step.

This design completely el iminates any orientation problems.
The probiem of location is simplified. The assembly problem is eliminated
in that the inner sleeve is assembled over the safety pin (or pins) and
the folding fins before placing it into the launcher'Togefher with the
rocket. Design No. 3 as shown is being detailed to fit into Evaluation
Model No. 2, and components will be manufactured and the design tested
for functioning.
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Parts will be designed and manufactured fto el iminate the malfunc-

tioning which was encoun‘l'e}red.,\lf is an?ac:p?'red that the modifications
[ e AU P4 N~

will be minor ones, and can be moorporafed in the set of 200.components

which were ordered last month. As soon as reliable functioning is estab-
|ished, the operation of the safety pin will have to be checked out by
tests. Tests for dynamic train functioning and round penetration using
the fmal fuze design will complete the fuze research and devel{?pmenf
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SECTION A A"

Photograph No. 3| ’
Section A-A, Trigger Assembly E. M., No. 2
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